This paper investigates the means of reducing electricity consumption in the South African manufacturing sector. It concludes that neither the price of electricity, nor taxes, subsidies or legislation are likely to bring about the required change. A change in the production structure using relatively more labour and less capital is also unlikely in the immediate future, given the socioeconomic and legislative milieu currently prevailing in South Africa. The only feasible solution that seems likely is a change in technology, which includes the more efficient use of electricity. Given the possible international agreement regarding global climate change commitments and procedures, clean development mechanisms may therefore yet provide the answer.
INTRODUCTION AND PROBLEM STATEMENT
Few would deny the importance of electricity or of a strong manufacturing sector in the economic development of a country. Within the context of global climate change and the negative environmental impact of the externalities associated with the generation of electricity, it is increasingly important to reduce the levels of electricity consumption without jeopardising the manufacturing base of the economy. It is therefore valid to ask what measures are necessary to reduce electricity consumption by the manufacturing sector.
In an attempt to answer the question, this paper starts by giving an overview of the consumption and production of electricity in South Africa, followed by a discussion of the research method used. Then the price elasticity of electricity demand is investigated. This, in turn, is followed by a discussion of the production structure of manufacturing, and the correlation between the use of capital and electricity. Finally, some concluding remarks are made.
CONSUMPTION AND PRODUCTION OF ELECTRICITY IN SOUTH AFRICA: AN OVERVIEW

Demand for Electricity
Electricity is an essential input in any economy, particularly in a developing country, since without it little development is possible. It is therefore not surprising that the Reconstruction and Development Programme (RDP) stresses the importance of an increased provision of electricity in the following terms (ANe, 1994: 108): "The benefits of cheap electricity presently enjoyed by large corporations must be extended to all parts of the economy."
From this statement it follows that, from the outset, it was the aim of the ANC to continue to supply cheap electricity and to extend its consumption to as many people as possible. There is no question that this objective has enjoyed high priority and that considerable progress has been made in pursuit of it (NER Annual Report, 1998). This is supported by the fact that the average annual growth in electricity consumption is highest in the residential sector, namely 4 per cent (see Table 1 ).
From Table 1 it is also clear that manufacturing is the largest single consumer of electricity (comprising approximately 41 per cent of total demand). Furthermore, the rate at which electricity consumption is growing in this sector is faster than the national average of 1,8 per cent a year over the period 1989-1995, namely 2,1 per cent. Since manufacturing is such a major consumer of electricity, this paper focuses on this sector only. 
Supply of Electricity
ESKOM is by far the largest single producer of electricity in South Africa, and is currently the fifth largest electricity utility in the world in tenns of both sales and capacity (ESKOM Annual Report, 1999). Not only is it such a large producer of electricity, its share in domestic production has also increased considerably since 1960. As is indicated in The low and declining price of electricity encouraged the consumption of electricity to grow at the average annual rate of 5.4 per cent from 1960 to 1999. From 1990 to 1999, the average annual growth rate of electricity consumption was 1.9 per cent, which is marginally higher than the increase in the real Gross Domestic Product of 1.6 per cent over the same period. However, according to Doppegieter (1998: 3-59 ) such figures are misleading. Electricity is consumed wastefully in South Africa and much electricity can be saved. The inefficient use of electricity is attributed to a number of reasons, amongst others the low coal and electricity prices and large coal reserves.
One of the major factors contributing to the low electricity price is the relative cheap coal that ESKOM buys. In 1998, ESKOM paid an average price of R41.311tonne, compared to the R54.55/tonne Sasol paid, and the Rl56.36/tonne the metallurgic industries paid. These price differences can be attributed to different contract arrangements, entitlements and differences in the quality of coal (DME, 1999).
The Social and Environmental Cost of Electricity Generation
The increase in the consumption of both coal and electricity contributes not just to economic growth, but also to the increase in negative social and environmental externalities. From Table 4 is it clear that ESKOM is a dominant polluter of greenhouse gases in South Africa, contributing to more that 45 per cent of domestic emissions. These emissions are mainly derived from the coalbased plants of ESKOM. Chronic exposure to emissions of this magnitude has serious mortality and morbidity implications, such as chronic bronchitis and other respiratory diseases. Acid deposition in water bodies also severely impacts on the quality of surfac~ and even ground water. This health hazard is further magnified by the fact that there is sufficient evidence to believe that global climate change is mainly due to anthropocentric (economic) activities (Houghton et al., 1996) .
In the light of these environmental and social costs due to the externality associated with coal-based electricity generation (see also Van Horen, 1996 , there is a need to reduce the generation of electricity from this source. This can be achieved in one of two ways, or a combination of both. ESKOM can change its production technology, that is divert from coal to alternative energy sources, or there should be a decline in the consumption of coal-based electricity. A possible change in the production technology of ESKOM and its associated cost will, however, not be discussed here. The remainder of this paper will focus on the demand for electricity by the largest single consumer of electricity, the manufacturing sector, and an appropriate policy required to bring about a reduction in the consumption of electricity.
---3 METHOD AND DATA
In the attempt to find an appropriate policy to reduce the consumption of electricity in the manufacturing sector, this study investigates the effect of a change in the price of electricity on the consumption of energy by calculating the price elasticity of electricity demand. Because of data limitations, a static approach had to be used and elasticity was calculated on the ceteris paribus assumption, that all other factors that might influence electricity demand remain constant. This exercise produced some surprising results, which caused the authors to investigate the production structure in manufacturing by means of a Cobb-Douglas production function, estimated for each year in the sample period. . These estimates indicate that the production structure in South African manufacturing has changed rather drastically and that this change has socioeconomic as well as environmental consequences. Based on these results, the effect of the change in production structure on electricity consumption in South Africa was tested and some policy proposals for the reduction of electricity consumption in manufacturing were made.
The data used in the empirical tests was obtained from Statistics South Africa's census of manufacturing and the Department of Mineral and Energy Affairs' yearbooks. The sample years included in the study are 1972, 1976, 1979, 1982, 1985, 1988, 1991, 1993 and 1996 . The manufacturing sector has been disaggregated into 27 subsectors. This implies a cross-sectional data set for nine years across 27 subsectors.
The data for estimating the price elasticities are the price of electricity measured in R/MWh and the total consumption of electricity measured in MWh for the 27 subsectors. The data used for estimating production functions for the manufacturing industry, and in calculating the effect of structural change in production on electricity use, are net production (i.e. turnover less consumption of fixed capital), the value of fixed capital stock and the cost of electricity. These aggregates are expressed in constant 1995 prices. Each of these three variables is then expressed as a ratio of the number of labourers employed. All variables are published in nominal terms only, and the GDP deflator was used to deflate fixed capital stock whilst the CPI was used to deflate the other variables.
PRICE ELASTICITY OF ELECTRICITY DEMAND IN THE SOUTH AFRICAN MANUFACTURING SECTOR
There exists, at least theoretically, a negative correlation between the volume consumed of any commodity and its price, ceteris paribus. One of the easiest, and generally accepted, methods to measure the quantity to which electricity consumption will change with a change in price is, by calculating the price elasticity of electricity demand 2 . The calculated price elasticity of demand for electricity is reported in Table 5 : Table 5 Price Own analysis.
Two things are evident from Table 5 . Firstly, in most subsectors an increase in the price of electricity has not resulted in a decrease in the use of (i.e. quantity demanded of) electricity. One might at least have expected that in the majority of cases price elasticity of demand would have a negative sign, but this is not the case. Secondly, the price elasticities are small and lie between 1 and -1, indicating that electricity consumption is price inelastic.
One may therefore conclude that the manufacturing sector is not sensitive to the price of electricity in its decision-making. This outcome is in line with earlier results (Van Horen, 1997: 66).
As mentioned above, electricity is cheap in South Africa and its price declining. This has resulted in the cost of electricity as a percentage of total cost for almost all subsectors and in all the years being less than 10 per cent, with an average of 4.5 per cent over all the years and subsectors. This can be seen in Table 6 .
These results indicate that there should be other, non-price, factors causing electricity consumption to change in the South African manufacturing sector.
These results reiterate that the price of electricity is a very weak instrument to bring about a change in electricity consumption in South African manufacturing. The following section examines the change in production technology in the South African manufacturing sector since 1972, to detennine what does in fact cause electricity consumption to change. Own analysis.
PRODUCTION FUNCTIONS FOR THE SOUTH AFRICAN MANUFACTURING SECTOR
To calculate the change in production technology in the South African manufacturing sector since 1972, Cobb-Douglas production functions have been estimated for each of the sample years over the 27 subsectors. The function estimated for each year is given by: The results of this estimation are reported in Table 7 . Own analysis.
From Table 7 one may conclude that the South African manufacturing sector is producing at constant returns to scale. This is indicated by the sum of the two elasticities (a + f3) which remained approximately 0.9 from 1972 to 1996, and is not statistically significantly different from 1.
The most interesting result that emerges from these estimations, however, is that the elasticity of labour decreased significantly from 1972 to 1996. In 1972 the elasticity of labour was 0.66 and it decreased by approximately 30 per cent to 0.46 in 1996. In contrast to this, the elasticity of capital increased by approximately 67 per cent from 0.27 in 1972 to 0.45 in 1996. This indicates that capital's share as input in the production process increased considerably while that of labour decreased. It also implies that labour has been substituted by capital. If the increase in the use of capital results in an increase in the use of electricity, the substitution of capital for labour has an effect on the natural environment through an increase in emissions. This relationship between capital as input in the manufacturing sector and the use of electricity in manufacturing will be investigated next.
CAPITAL AND ELECTRICITY USE IN THE SOUTH AFRICAN MANUFACTURING SECTOR
Firstly, the correlation coefficients between capital and electricity use from 1972 to 1996, within each subsector, were calculated to test whether a relationship exists between the use of capital in the manufacturing sector and electricity. The results from this estimation are reported in Table 8 . Own analysis.
These results indicate a positive correlation between capital and electricity input in 19 of the 27 subsectors. This positive correlation indicates that an increase in capital will result in an increase in electricity input and vice versa.
Using another form of analysis, the results from the correlation coefficient calculation are confirmed by cross-sectional ordinary least squares estimation of the simple function, with Ej Ki ei
Uj
Electricity input for subsector i Capital input for subsector i Error term Constant
This has been done for all the sample years. The estimated coefficients are reported in Table 9 , and confirm that an increase in capital does indeed result in an increase in energy input for each of the sample years. In each cross-sectional estimation the coefficient on capital is highly significant as indicated by the tvalues. The increase in the use of capital over time and across the 27 sub sectors thus resulted in an increase in electricity consumption by manufacturing. This conclusion has been reached from the calculation of the correlation coefficients between capital and energy within each subsector over the time period and the estimation of the simple regression of energy on capital across all the subsectors.
REDUCTION OF ELECTRICITY CONSUMPTION IN THE SOUTH AFRICAN MANUFACTURING SECTOR: SOME POLICY OPTIONS
It has been established that the low electricity prices (based on low coal prices) contribute to the high and increasing, but often inefficient, consumption of electricity. This consumption of electricity contributes significantly to the emission of greenhouse gases and other negative social and environmental externalities. Since 1970 the production structure in the manufacturing sector, the single most important consumer of electricity with the highest energy intensity3 of all economic sectors (Doppegieter, 1999: 67) , has changed dramatically in favour of capital at the expense of labour. The increased use of capital has also contributed to the increased use of electricity as a productive input. Furthermore, the price of electricity is a weak policy instrument to manage the consumption of electricity. Diesendorf (1996) concludes also that correct pricing of electricity is not sufficient for efficient electricity consumption.
Since electricity consumption is not sensitive with respect to price, it is likely that a tax on electricity consumption would have little, if any, impact as well. The probable outcome of such a tax is that it would be viewed as an additional cost item and passed on to the final consumer, depending on 1he price elasticity of the final product. In such a scenario, there will be high social welfare loss. O'eonnor (1999: 96) supports this view, arguing that a tax on electricity is only effective if price elasticity is high and substitutes cause less pollution. Whalley (1999: 123) is concerned that environmental tax policy may become so complex, that it would be of little use given its difficulty of implementation.
Another policy option is to prescribe maximum levels of electricity intensity per industrial subsector by legislation. This would mean a cap on electricity consumption per unit of production. Such legislation however implies high transaction costs on account of the policing and implementation of such a system, and is open to abuse. The required institutions to implement and manage such environmental legislation in developing countries tend to be weak and ineffective. This further adds to the high transaction cost of this policy option {see also Da Motta, Huber & Ruitenbeek, 1999: 184).
In principle, a subsidy is an inefficient policy instrument since it causes social welfare losses (Rosen, 1998: 295-97) . Under some circumstances, one could convincingly argue that a subsidy is a temporary measure to facilitate the change between two different policy and operational regimes. Such regimes might include a change in technology to bring about a reduction in pollution. In this regard, however, Da Motta, Huber and Ruitenbeek (1999: 186) view subsidies for abatement investments as having a limited impact, stating:
Subsidies for abatement investments have, however, been of limited impact since environmental enforcement has not been effective enough to increase firms' demand for these expenditures. Moreover firms are using these incentives inadequately because of the lack of proper follow-up procedures, in fiscal and environmental terms to monitor their investments.
From the above discussion it follows that conventional policy measures to bring about a change in electricity consumption behaviour of firms are likely to have a negligible effect. This is so, because these policy measures address the symptom of the problem, the electricity consumption and the ensuing emissions, and not the cause, which is an inappropriate production method and high capital intensity of the production structure.
Murthy, Panda and Parikh (1997) and Pimentel et al. (1994) are convinced that electricity conservation is possible only through a change in technology and the more efficient use of electricity, brought about by a change in the production structure (i.e. capital and labour input) and method. Which technological changes. are then required to bring about the desired reduction in electricity consumption? International Energy Agency, 1994: 132.
From Table 10 it may be concluded that technology options for reducing electricity consumption are in fact available. One major objection to the introduction of these technologies would be the additional cost burden that it would imply. This is, however, not necessarily true. South African industry may greatly benefit from international trade using the flexible mechanisms (cf clean development mechanisms (CDM)) considered under the banner of global climate change policies within the Kyoto protocol framework (see Zhang, 2000 
CONCLUSION
Electricity intensity in the South African manufacturing sector is particularly high. This in itself may not be a problem, but it contributes greatly to the generation of electricity, which in turn significantly contributes to the emission of greenhouse gases and other pollutants. These negative externalities have very high social and environmental costs. It is therefore important to reduce the electricity consumption of the manufacturing sector.
Electricity consumption in the manufacturing industry is, however, not price sensitive. To use price as a policy tool to reduce the consumption of electricity will therefore not contribute much. Therefore, to reduce consumption one of three options is available. Apply conventional policy mechanisms, use electricity more efficiently through a change in technology or substitute labour for capital.
From this study it seems that none of the conventional policy mechanisms, that is, taxes, legislation or subsidies, would achieve the objective of a cost-effective permanent reduction in electricity consumption. The substitution of labour for capital in South Africa, however laudable, is likely to be restricted by numerous socio-political factors.
The global climate change debate, in terms of the Kyoto protocol, and especially the flexible instruments such as clean development mechanisms (CDM) proposed by the protocol, has brought a unique opportunity for South African firms. South African firms can exchange their old technology for a better one, gain in foreign direct investment and contribute to a cleaner environment. This seems an effort well worth investigating.
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The price elasticity of electricity demand is calculated as the percentage change in the demand for electricity divided by the percentage change in the price for electricity. This implies that the change in demand is solely due to a change in price. 3 Calculated by dividing the real GDP at factor costs by final energy use.
